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(57)Abstract: 

PROBLEM TO BE SOLVED: To simultaneously obtain a double wave short circuit 
which does not affect a fundamental wave matching circuit and a triple wave opening 
circuit by preparing a parallel resonance circuit which supplies the power to an 
amplifier element via a transmission lien having 1/4 wavelength of the fundamental 
wave and resonates with the triple wave in parallel with the transmission line. 
SOLUTION: The emitter of a transistor TR 1 serving as an amplifier element that is 
used for the output of a high frequency amplifier is groundedthe input is supplied to 
the base of the TR land a transmission line 3 that has 1/4 wavelength of a 
fundamental wave with one of its both ends that is grounded by a capacitor 4 in terms 
of high frequency is connected to an output terminal 5serving as the collector of the 
TR 1 respectively. Meanwhilea power supply is connected to the side of the capacitor 
4i.e.the other end of the line 3 to supply the power to the TR 1. Furthermoreone of 
both ends of a parallel resonance circuit 2Awhich resonates with a triple wave (3rd 
higher harmonic) is connected to the terminal 5. Then a circuit 2B is connected to 
the other end of the circuit 2A for controlling the load of the fundamental wave. The 
circuits 2A and 2B construct a fundamental wave matching circuit 2. 



CLAIMS 



[Claim(s)] 

[Claim 1] While providing a parallel resonant circuit which resonates in high-frequency 
amplifier which supplies electric power to load via a fundamental wave matching 
circuit connected to an amplifier in series to the 3rd harmonics adjusted to this 
fundamental wave matching circuit by this amplifier and seriesHigh-frequency 



amplifier allocating transmission circuitry which has 1/4 wave of electric length of a 
fundamental wave which one end is connected to an outgoing end of this amplifierand 
is connected in parallel to an outgoing end of this amplifier by grounding the other end 
in high frequencyand supplying a power supply to this amplifier via this transmission 
line. 

[Claim 2]In high-frequency amplifier which realizes short circuit conditions of the 
eventh harmonicsand an open condition of odd harmonics by branching a transmission 
line which controls a fundamental wave from an outgoing end of an amplifierand the 
transmission line which controls harmonicsHigh-frequency amplifier which carries out 
flip chip bonding of the semiconductor chip which has said amplifier to a dielectric 
substrate which has a pattern which branches the transmission line which controls a 
fundamental waveand at least one or more transmission lines which control harmonics 
near the bonding pad directlyand is characterized by things. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention]An amplifier like a semiconductor device is used for this 
inventionand it relates to the high-frequency amplifier which amplifies high frequency 
like a microwave band and supplies electric power to load. 
[0002] 

[Description of the Prior Art]To the eventh harmonicsthe load to the harmonics which 
generally generate an amplifier in the output of an amplifier as an effective method for 
making it operate efficiently A short circuitBy considering it as opening to odd 
harmonicsgenerating of the electric power by harmonics is lost and F class amplifier 
which makes power efficiency of a fundamental wave the maximum is known. 
Especially in harmonicssince a double wave (the 2nd harmonics) and three double 
waves (3rd harmonics) are strongif processing to three double waves is usually 
consideredit is enough. 

[0003]The amplifier which F class amplifier is proposedfor exampleis conventionally 
indicated by JP6-204764A can be mentioned. This is explained with reference to 
drawing 5 . The transmission line 31 which opened 1/8 wave of tip of the fundamental 
wave wide is connected to the outgoing end (node point) 5 (alpha point) of the 
transistor 1. Among the eventh harmonicsto a double wave (the second harmonics)six 
double waves (6th harmonics)and ten double waves (10th harmonics)this becomes 
1/4 wave3/4 waveand 5/4 wave — respectivelyand makes alpha point a short circuit 
(Z= 0). This transmission line 31 receives odd harmonicsi.e.the 3rd three double wave 
harmonicsfive double waves (5th harmonics)and 7 double-wave (7th harmonics) — It 
becomes 3/8 wave5/8 waveand 7/8 wave — respectivelyand when it sees from alpha 



pointimpedance will be given with jZ 0 -jZ 0 and jZ 0 — respectively. Z 0 is a characteristic 
impedance of the transmission line 31 here. If 1/8 wave of transmission line 32 of the 
fundamental wave is connected to the output terminal 5 and the point (node point) 6 
(beta point) at the tip has become simplistic to odd harmonicsTo three double 
wavesfive double wavesand 7 double-wave — it sees from alpha point and this is - 
jZojZoand -jZ 0 respectively. — Impedance will be given, therefore — if beta point is 
simplistic to specific odd harmonics — the transmission line 31 — said — 32 forms a 
parallel resonant circuit and an A point is opened (Z=infinity). What is necessary is 
just to connect 1/20 wave of tip opening transmission line 33 to 1/12 wave of tip 
opening transmission line 34and five double wavesfor example to three double wavesin 
order to short-circuit the point 6 (beta point). All wavelength here is against a 
fundamental wave. The matching circuit 30 to a fundamental wave is connected to the 
point of the point 6 (beta point). Since it is alike rattlinglyand consistency of a 
fundamental wave is affected though more naturalafter [ for which the transmission 
lines 3132and 33 and 34 grades were inserted between the transistors 1 ] the 
matching circuit 30 has included itconsistency adjustment to load is performed. 
[0004]The amplifier currently indicated to JP8-148949A can be raised as another 
example. This is explained with reference to drawing 6 . Electric power is supplied to 
load via the fundamental wave matching circuit 40 connected to the transistor 1 in 
series. The inductive element 40A connected with the transistor 1 in series is formed 
in the fundamental wave matching circuit 40. The inductive element 40B is a portion 
of others of a fundamental wave matching circuit. 41 is the series resonant circuit 
connected between the outgoing end 5 of the transistor land earth 
potentialsresonates to a double wave and realizes the short circuit conditions over a 
double wave. 42 is the parallel resonant circuit connected between the outgoing end 5 
of the transistor land earth potentialsresonates by the fundamental wave and three 
double waves together with the series resonant circuit 41 and realizes the open 
condition of three double waves. Since the inductive element 40A contained in the 
fundamental wave matching circuit 40 shows sufficiently high impedance to three 
double wavesthe load condition of three double waves is hardly influenced by the 
fundamental wave matching circuit after it. Thussince the short circuit conditions of a 
double wave and the open condition of three double waves can be realized 
simultaneouslywithout affecting the impedance to a fundamental wavethe fundamental 
wave matching circuit where flexibility is high can be designed independently. 
[0005] 

[Problem(s) to be Solved by the Invention]In the former amplifierconsistency of a 
fundamental wave is affected by having inserted the transmission lines 3132and 33 
and 34 grades between the transistors 1. Since it does not have a means to separate 
a fundamental wave matching circuit about three double wavesa fundamental wave 
matching circuit must be designed in consideration of both a fundamental wave and 
three double wavesa design becomes complicatedand flexibility becomes small. The 



bias circuit for exclusive use where supply of the power supply to the transistor 1 
used partssuch as a choke coilis needed. 

[0006]In the latter amplifierwhat doubled the series resonant circuit 41 and the 
parallel resonant circuit 42 is premised on resonating simultaneously by both the 
fundamental wave and three double waves. Howeverit is thought that it is very 
difficult to realize this with a actual element. When the series resonant circuit 41 
resonates by a double waveto a fundamental wavean inductive reactance is shown to 
capacitivity and three double waves. On the other handthe parallel resonant circuit 42 
shows a capacitive reactance in inductivity and high frequency on low frequency. 
Thereforeit is theoretically possible by connecting the series resonant circuit 41 and 
the parallel resonant circuit 42 still in parallel to carry out parallel resonance to a 
fundamental wave or three double waves. 

[0007] Drawing 7 takes out the portion of the resonant circuits 41 and 42 of drawing 
6The resonant circuit which connected the parallel resonant circuit which comprises 
the series resonant circuit and inductor L 2 which comprise inductor and capacitor 
C^and capacitor C 2 still in parallel is constituted. Firstit is necessary to fill 
L 1 C 1 =1/(4omega 0 2 ) from the conditions of setting impedance to 0 (zero) to a double 
wave. Hereomega 0 is the angular frequency to a fundamental wave. From the 
conditions that the whole resonant circuit of drawing 7 resonates by both the 
fundamental wave and three double waves at this timeL^SI^/Sand 02=160/15 are 
drawn, namely — receiving opening and a double wave to a fundamental wave and 
three double wavesif LjC^and C 2 are alike and fill also in these three relations — 
simplistic — a load condition is fulfilled. 

[0008]It is a relation realized only about an ideal case so that it can consider that this 
has the infinite Q value of an elementand since parallel parasitic capacitance and in- 
series parasitic resistance exist to an inductor with a actual elementit becomes 
impossible howeverto express in a simple circuit like drawing 7 . Naturallysince it has 
frequency dependencethe inductance to a fundamental wave and three double waves 
differs. It is almost next to impossible to have influence of a wire length furthermoreto 
become very complicated [ a design ]if they are all includedand to make it resonate 
correctly by both the fundamental wave and three double waves. Contrary to the 
purpose of invention of making the design of a fundamental wave matching circuit 
easyit can be said that the design of this resonant circuit is very difficultand is a 
scarce circuit of the possibility of realization. 

[0009]Although the inductive element 40A is inserted in the outgoing end of the 
transistor land series in the fundamental wave matching circuit 40 shown in drawing 
6the quite big inductor for attenuating three double waves effectivelyfor example with 
a comparatively low frequency band like 0.9 GHz bands is needed. Drawing 4 is a 
frequency characteristic at progressive wave ingredient |S 21 | to the inductive element 
connected in series among the ports 1 and 2. In order to attenuate effectively three 
0.9-GHz double waves (namely2.7 GHz) from this figureit turns out that the quite big 



inductor of at least several 10 or more nH is needed. The loss of a fundamental wave 
also has the problem of becoming very largein that case. Of courseit is the same as 
the former example to perform supply of the power supply to a transistor using a bias 
circuit for exclusive use. 

[0010]In the conventional example of a circuit of the purpose of controlling the load 
of not only the two above-mentioned examples but harmonicsand carrying out high 
effect operation of the amplifiereach has stopped only at the theory on a circuit 
diagramand the example having referred to even the problem produced at the time of 
mounting was not seen. Although it assumes that the distance by the turning point 5 
(namelyalpha point) of the track for controlling the track and fundamental wave for 
controlling harmonics from the collector (or drain) of a transistor by the example of 
the above-mentioned 2 ** is 0 (zero)there cannot be no such thing in a actual device. 
The transistor of a simple substance or monolithic IC (MMIC) is also because the 
transmission linessuch as a bonding wirecertainly exist between the output terminal of 
a packageand the output terminal of a semiconductor chip. In high frequency like a 
microwave bandeven if it is few tracksrotation of a phase is influenced greatlyand 
rotation of the phase proportional to frequency is given. For exampleif it calculates in 
the 50-ohm microstrip line on the dielectric substrate of 0.6 mm in thicknessand the 
specific inductive capacity 10In the case of 0.9 GHz bandsto about 34 degrees and 
three double wavessupposing there is the 3-mm transmission lineabout 51 -degree 
phase rotation will be produced to about 17 degrees and a double wave to a 
fundamental wave. Thereforeeven if the load condition of opening is satisfied to a 
short circuit and three double waves to a double wave in alpha pointif the 
transmission line exists between the outgoing ends of a transistorthe phase rotation 
proportional to frequency will happenand if it sees from the outgoing end of a 
transistora load condition will shift greatly. It is dramatically complicated to expect 
this and to design a matching circuitand since the angle of rotation of a phase 
changes with frequencyit can be said that it is impossible to satisfy a load condition in 
all the frequency simultaneously as a matter of fact. 

[001 1]Thenthis invention was invented in order to solve such a problemand it is ****. 
providing the amplifier with which ideal mounting is carried outwhile providing the 
matching circuit where the flexibility of a design is highas the purpose can realize 
simultaneously the double wave short circuit and 3 double-wave open circuit which do 
not be alike and influence — as a resultit is making the design of the efficient high- 
frequency amplifier easy. 

[0012] 

[Means for Solving the Problem]In high-frequency amplifier which supplies electric 
power to load via a fundamental wave matching circuit where high-frequency amplifier 
of this invention was connected to an amplifier in seriesWhile providing a parallel 
resonant circuit which resonates to the 3rd harmonics adjusted to this fundamental 



wave matching circuit by this amplifier and seriesBy connecting one end to an 
outgoing end of this amplifierand grounding the other end in high frequencythe 
transmission line which has 1/4 wave of electric length of a fundamental wave 
connected in parallel to an outgoing end of this amplifier is allocated and this 
******##**(ed)and a power supply is supplied to this amplifier. 

[0013]In high-frequency amplifier which realizes short circuit conditions of the eventh 
harmonicsand an open condition of odd harmonics when high-frequency amplifier of 
this invention branches a transmission line which controls a fundamental wave from 
an outgoing end of an amplifierand the transmission line which controls harmonicsFlip 
chip bonding of the semiconductor chip which has said amplifier is directly carried out 
to a dielectric substrate which has a pattern which branches the transmission line 
which controls a fundamental waveand at least one or more transmission lines which 
control harmonics near the bonding pad. 

[0014]An operation of this invention is explained below. In high-frequency amplifier of 
this invention1/4 wave of transmission line which short-circuited a tip in high 
frequencySince it is equivalent to 3/4 wave to 1/2 wave and three double waves (3rd 
harmonics) to a double wave (the second harmonics)if it sees from an outgoing end of 
an amplifieri.e.a transistorto a fundamental wavea load condition of opening will be 
realized to a short circuit and three double waves to opening and a double wave. By a 
parallel resonant circuit which resonates by three double wavessince influence of 
three double waves does not attain to a portion of a previous fundamental wave 
matching circuit rather than ita fundamental wave matching circuit can be designed 
independently. Since 1/4 wave of transmission line which short-circuited a tip in high 
frequency is opening when it is seen from an outgoing end of a transistorit does not 
affect consistency of a fundamental wave. By supplying a power supply to a transistor 
via this transmission linea bias circuit for exclusive use using a choke coil etc. 
becomes unnecessaryand can simplify a circuit more. 

[0015]Since flip chip bonding of the semiconductor chip which has an amplifier is 
directly carried out to a dielectric substrate in high-frequency amplifier of this 
inventionSince a track for controlling a track and a fundamental wave for controlling 
harmonics can be branched from the latest of an outgoing end of an amplifierfor 
examplea transistorSince an ideal mounted state very near a circuit diagram is 
realizablephase rotation under influence of the transmission linessuch as a bonding 
wireis lostand a design of a matching circuit which realizes efficient high-frequency 
amplifier becomes easy. 
[0016] 

[Embodiment of the Invention](Embodiment 1) Embodiment 1 of the high-frequency 
amplifier of this invention is described with reference to drawing 1 in which the circuit 
is shown. 1 is a transistor which is an amplifier for the output (final stage) of the high- 
frequency amplifierThe emitter is groundedhe is trying to be supplied in an input at 
the baseand 1/4 wave of transmission line 3 of the fundamental wave grounded in 



high frequency in the end by the capacitor 4 is connected to the outgoing end 5 
(alpha point) which is the collector. He connects a power supply to the capacitor 4 
side which is the other end of the transmission line 3and is trying to supply a power 
supply to the transistor 1. One end of the parallel resonant circuit 2A which resonates 
by three double waves (the 3rd harmonics) is connected to the outgoing end 5 of the 
transistor land circuit 2B for adjusting the load of a fundamental wave is connected 
to the other end of this parallel resonant circuit 2A. The parallel resonant circuit 2A 
constitutes the fundamental wave matching circuit 2 with circuit 2B for adjusting the 
load of a fundamental wave. It is outputted from the output side of this fundamental 
wave matching circuit 2i.e.the output side of circuit 2B. In order that the parallel 
resonant circuit 2A may lose rotation of a phasethe thing of the outgoing end 5 of the 
transistor 1 arranged as much as possible to the latest is desirable. 
[001 7]If 1/4 wave of transmission line 3 grounded in high frequency looks at a tip 
from the outgoing end 5 of the transistor 1 since it will be openingconsistency of a 
fundamental wave is not affected. Thereforevia the transmission line 3a power supply 
can be supplied to the transistor 1 and the bias circuit using a choke coil etc. is not 
independently needed for it. Since the number of the transmission lines 3 is 3/4 to 
1/2 wave and three double waves to a double wave (the second harmonics)to a 
double wavethe load condition of opening is automatically fulfilled to a short circuit 
and three double waves. 

[0018] Drawing 3 is a figure showing the frequency characteristic of progressive wave 
ingredient |S 21 | to the parallel resonant circuit 2A connected in series among the ports 
1 and 2. Hereit is designed resonate by three 0.9-GHz double wavesi.e.2.7 GHz. This 
figure shows three double waves fully being prevented and hardly affecting a 
fundamental wave moreover. In this caseit is an advantage that the value of an 
inductor is also realizable with a comparatively small element value since the value of 
1nH and a capacitor was 3.5 pF. The portion which adjusts the load of harmonics with 
this parallel resonant circuit 2Aand the portion which adjusts the load of a 
fundamental wave are thoroughly separated to three double wavesand circuit 2B for 
adjusting the load of a fundamental wave can be designed independentlywithout taking 
into consideration the influence on three double waves. Of coursesince the parallel 
resonant circuit 2A shows sufficiently low impedance to a fundamental waveit does 
not enlarge the loss of a fundamental wave. 

[0019]As a resultthe signal inputted into the base of the transistor 1 is amplified with 
the transistor land a fundamental wave is efficiently outputted through the output 
side of the fundamental wave matching circuit 2 from the outgoing end 5 of the 
collector. 

[0020](Embodiment 2) Embodiment 2 of the high-frequency amplifier of this invention 
is described with reference to drawing 2 in which it is shown. Drawing 2 (a) shows the 
sectional view where drawing 2 (b) met the H line of drawing 2 (a) in the top view of 
this Embodiment 2and drawing 2 (c) shows a partial expanded sectional view. Although 



the example which applied the high-frequency amplifier of the above-mentioned 
Embodiment 1 is explained below hereit cannot be overemphasized by controlling the 
load of harmonics that it is applicable to all the circuits which realize the efficient 
high-frequency amplifier. In drawing 2 (a)the portion which dielectric substratessuch 
as ceramicsare made 10 and to which bonding of the semiconductor chip is carried 
out 1 land 12 are bonding pads. The outgoing end (vamp pad) of the transistor 1 on a 
semiconductor chip is connected with the bonding pad 12 via a vamp. 15 is 1/4 wave 
of micro stripe transmission line of a fundamental waveand the end is grounded in 
high frequency via the chip capacitor 14 and the through hole 16and is further 
connected with the power supply terminal 21. The other end of the micro stripe 
transmission line 15 is connected to the latest of the bonding pad 12. 
[0021]On the other handthe parallel resonant circuit 2A which comprises the chip 
inductor 13 and the chip capacitor 14The one end is connected to the latest of the 
bonding pad 12and it is connected to circuit 2B for the other end to adjust the load of 
the fundamental wave which comprises the chip capacitor 14the through hole 16and 
the micro stripe transmission line. As for the transmission line in the parallel resonant 
circuit 2Aat this timeshortening as much as possible is desirable. 
[0022]Herethe transmission line extended from the bonding pad 12 in the dielectric 
substrate 10 branches at the turning point gammaand forms the pattern which is 
following the end of the transmission line linked to the endthe chip capacitor 14and 
the chip inductor 13 of the microstrip line 1 5respectively. 

[0023]The terminal which gives voltage for 17 to control an output terminalfor 18 
control an input terminaland for 19 control an outputand 20 are terminals which 
supply power supplies other than a final stage. The terminal in which 21 supplies a 
power supply to a final stage transistorand 22 are the pads for giving earth potentials 
to a semiconductor chip via the through hole 16. Thuspattern creation is carried out 
by making the transmission line etc. which connect the bonding pad 12 and the 
extended transmission linethe microstrip line 15the chip capacitor 14the chip inductor 
13an input/output terminaletc. to the dielectric substrate 10 mutually into a 
microstrip line. 

[0024]Flip chip bonding of the semiconductor chip etc. is directly carried out to this 
dielectric substrate 10. The vamp pad of a semiconductor chip has connected with 
the bonding pad in which the dielectric substrate 10 corresponds via a vamp. The 
expanded sectional view of its drawing 2 (b) and semiconductor chip circumference is 
shown for the section of the state of this flip chip bonding in drawing 2 (c). Herein 
about 1 GHz of high frequencyeven if the length of the transmission line is different 1 
mmfor examplethe phase rotation of abundance is produced in load impedance. In 
order to press down phase rotation within 1 timethe distance from the vamp 
connected to the vamp pad of the outgoing end of the transistor 1 to the turning 
point gamma of the micro stripe transmission line needs to be 0.2 mm or less. If 
distance from the vamp connected to the vamp pad of the outgoing end of the 



transistor 1 to the turning point gamma of a microstrip line is set to D in drawing 2 (c) 
in which the surrounding expanded sectional view of a semiconductor chip is 
shownSince the size of a vamp pad is a 100-micrometer angle gradeif the distance D 
is a grade which is not large compared with itit will be thought practically that a 
problem does not arise. This distance D of the ability to set up according to the 
frequency to deal with is a matter of courseand can be set up from practical use. In 
this waythe microstrip line 15the chip capacitor 14and the chip inductor 13 are 
connected to the latest of a bonding pad. 

[0025]With this flip CHI@PPU bondingsince 1/4 wave of transmission line 15 and the 
parallel resonant circuit 2A will branch near the outgoing end of the bonding pad 12 
li.e.a transistorthe ideal mounted state very near a circuit diagram is realizable. It 
follows. It is not necessary to take phase rotation into consideration under the 
influence of the transmission line which exists between the outgoing ends of a 
transistor from the turning point of the track which controls harmonicsand the track 
which controls a fundamental waveand it becomes possible to design an output 
matching circuit easily and correctly. 
[0026] 

[Effect of the Invention]The high-frequency amplifier of this invention by a tip's 
supplying a power supply to an amplifier via 1/4 wave of transmission line of the 
fundamental wave grounded in high frequencyand providing further this transmission 
line and the parallel resonant circuit which resonates by three double waves to 
parallelRealizing simultaneously the double wave short circuit which does not affect a 
fundamental wave matching circuitand 3 double-wave open circuit can do thingsand it 
is simple andmoreovercan deal in an efficient amplifier with high flexibility of a design. 
[0027]When the semiconductor chip in which the high-frequency amplifier of this 
invention has an amplifier is directly allocated by the dielectric substrate from flip 
chip bondingSince the influence of the transmission line which exists between the 
outgoing ends of an amplifieri.e.a transistordisappears from the turning point of the 
track which controls high frequencyand the track which controls a fundamental waveF 
class high-frequency amplifier with the sufficient characteristic which can be referred 
to as ideal is realizable. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is a circuit diagram of Embodiment 1 of the high-frequency amplifier of 
this invention. 

[Drawing 2] It is the top view and sectional view explaining the composition of 
Embodiment 2 of the high-frequency amplifier of this invention. 

[Drawing 3] It is a figure showing the characteristic of the parallel resonant circuit of 



Embodiment 1 in the high-frequency amplifier of this invention. 

[Drawing 4] It is a figure explaining the frequency characteristic of the inductive 

element of the conventional amplifier. 

[Drawing 5] lt is a circuit diagram explaining the conventional amplifier. 

[Drawing 6] It is a circuit diagram explaining the conventional amplifier. 

[Drawing 7] It is a figure showing the characteristic of the parallel resonant circuit of 

the conventional amplifier. 

[Description of Notations] 

1 The transistor of an output 

2 Fundamental wave matching circuit 
2A Parallel resonant circuit 

2B Other fundamental wave matching circuit portions 

3 1/4 wave of transmission line 

4 Capacitor 
56 node points 

10 Dielectric substrate 

12 Bonding pad 

13 Chip inductor 

14 Chip capacitor 

15 1/4 wave of microstrip line 

1 6 Through hole 

17 Output terminal 

18 Input terminal 

19 The terminal which gives the voltage for controlling an output 

20 The terminal which supplies power supplies other than a final stage 

21 The terminal which supplies a power supply to the transistor for an output 

22 The pad for supplying earth potentials to a semiconductor chip 

30 Fundamental wave matching circuit 

31 and 32 1/8-wave transmission line 

33 1/20-wave transmission line 

34 1/12-wave transmission line 

35 The choke coil for high frequency inhibition 
40A Inductive element 

40B Other fundamental wave matching circuit portions 
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<Oi5S^T(5|atlC»ffi-rS2:t*BuStCLTL^o 

KSIttSISMM 1 #2fHft?ftCT« 

14© y 7* ? $ > 7. £ jfs-To — 7s . ffi$ltt&[al&ft 4 2 tiffi 

>Z*i!ftT. ftoTs a*lftSlslB4 1 tM^ffiSSg 
4 2 * * 6 K IE SHRT * C 4: «fc 'J » »* ift S fc tt 

[0 0 0 7] 07 (4» H6«9AiBR4K 4 2<7)SBtt 

*ffiymLfcti©T»ys Lit* 

c 1 -pnussn* Bsmaoug <t -r >^ * i_ 2<fc * -v / \° 

(-BP) (cr«£lt3*tt&6, Li 

ci= i / (4wo 2 ) i&ssrc-r^M^ss, cet% wo 

L2=5Li/3. C2=1 6C/1 Stfifrft 
%o -ttztt, Li, Cv l_2v C2# i Ett6 3 0<Df?a<S 
^•httcjSS/ctirtfS^fii: 3 fSSHc** LTBifflL 2fg» 

[0 0 0 8] LfrU Ctlfi*?OQfilfl { «ira*tJ!.ft 

y » 3WB<0*?Tl4-f' * lc» LTM5iJ<D**a« 
■^«5U«)»Satt*i 5 »aT*fca6U:BI 7 o> «t 5 

i6*tifttt«:^?Kl::«Btt*y. i*Mi3fgiOS^ 

$l=l!8©St+*8au:-r* <h^d «E<D S n£tiKK 
C©«»BttOHftii«ai6THIf?»y» *3R©rT 

[0 0 0 9] *6tc, 06lt^-rS*^SS'&ls]K4OlC 
1* h5>v>X* 1 CDm734ffi<hilfiJlClSt*^4 0 Atfjf 
Atf*lTV*tfs Mitt#0. 9GH z^OD^^^tttSW 

fii^awir 3 fg»«a*»ic**s-e*i;: y 

^tft-1'V^7^MEi:45. 1141*. -f-hK 2 

<0iBicii5ijKsaR*nfcBiwji5?ic»r*affjft«» I 

S 2 1 I (C«a«MfitT**. CcDH^eo. 9GHz© 
3{£;j£ (T&*>*2. 7 GHz) 

let*. 1 0 n HW±<Ofrfcy*¥fc'rv$r 



[0 0 1 0] ±IS2^cDl5iJ/-atT^:<, 

jft) *T<0S1«*0 (-BP) ?*5C£:SHESLTV* 
*>\ SSRiCf/ K X Tti^co J: a & z. 1 1*& y 

C (MM I C) Tt/\ 0 ->^-i>'OtB7D4ffi?<h¥Mlfls:^-y 

H*0. 6 mm, ib^S^I 0 CO^m^SSitT) 
5 h'J -y^iSSKTitSLT^^t, 0. 

9 G H z»0D»^ «IC 3 mm<oeaM(ltt3B«aB-3fctr 
tlti'S*>JSlC»LT^1 7° » 2fgjStC»LT$*j3 4 
0 , 3{S;filotf LTli**J5 1 ° t,Oftt#BlHWE*^i:*. 
ftoT- /ci:K.a*lcfc^T2^lc«LTJH^ 3fS 

itffllLfctt«lHiefl«iBc y. h^Vv-'X^cDaiTDfiffi*^ 
tt^S»*Rlfr*Ct(4M»»i:*»tT»y» HiftftH: 

[0 0 1 1] *«Wf*C<0J:5*IHIH*)»3{t- 

w 2 ismmm\s\&t 3 ^BBttiaK^igi^^iiii 
-r ^ i 1 1 ics*wa*S6<o*n*iiffl«*a«r ^ c 

[0 0 12] 

[0 0 13] fft> *RH®JMXiM*Mlli« 
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[0 0 14] *«E<DfM!«:«Tfci$tel3-rS. *«W 

n«t y t.5feo»*aa*Eittfl!>»»^. 3 

5©TS*;fi©Sg^t;:ii?»£#;*.3:0\ £©£>2S*gSS£ 

^LTh7>v-'X^lclli®^i^-rsc<t»c<ty, 

->7=K;l/|?£^/cl?ffl©/^<:rxia&tf: : F^£:& 

y, 0!8*«fcyiBfP8fbT**. 

[0 0 1 5] £fc» ^^©KJI&liifSSTHis 
^ 0y*tf h7>yx*©ii}7J«©it&6 x 5#ifc3--tt3 

hjb:&mm£ liar ss^iaft ®stt # m (= * *. 

[0 0 16] 

[B93©*S6©flS«] (*fi6©flSIE 1 ) *«WOBHSft 

tiTfcy. ^^u^^Tftsaj^oass (a .so tcii* 

j£*gSg 3 ©ftM&TS * / <5>* 4 0!>MlCtt*a[«flMX 
U h7>vX£ 1 lz i m.m*i£1&-f2>£ 5 IC LTl/>5„ 
*Sl=» h^>S?X* 1 OtUAW5(=»3fi3fe (*3* 
Htt) ?»Sr*ttWft*lal»2A©— ««*«ftB!**u 
KM9J»iRES»2 A©ftetStcti**»©ft?5*i«ltr* 
fc»©S»2Bfl«»«t*tl* Q M5"J«Sil2lK2 AttS* 
»©ft®*M»r 3 fc 4&©[°lS8 2 B £ 1 

0K2^4M^-r^o ;i©s*jfis^i£iK2©ai^fflij. r 



1 ©a^iBs^T^s^aatcEB-rsct^H* l 

[0 0 1 7] jfcijil*KJB*Wtz:**lS7* , nfc 1 /4;£M© 
fciM&gSg 3 li, h 7 1 ©iii7j4Sj 5 »6JttltfH 

easiea 3*fl-LT h7V5>x* 1 tc*as*«ier*c 
iz&mtL%;{,\ %tc. eaaui3tt« 2fs» 0152* 

KWift] fc»LT«1/2*g. 3 fSSMctt LTtt 3 / 

LTi*ntt©JWSiifeft#a»«(=aifc*ti*. 
[ooi8]B3u. #-n» 2<Dmimmzmmz 
ntcmmmms&2 Atzttt*Mf&u&» I s 2 i 1 <o® 
aaittt*wriaTa5*„ 0. 9ghz©3 

M t4to«2. 7GH zT««Sf*J:-5iCtaH-*tl 

tt^. £©mfreK 3fg»ii+»icpiih*n, L^t 

£\ •< V$f **©««: 1 nH» *-V/\°->^©fiHi3. 5 
p FT35ofc©T*s lt«W'J^*&JI5?filT*3g|T**C 
t*»WjST»*. . C©S45>J*«iia»2AtcJ:-3T«!« 

r*fci&©iatt2 Btt3fg-»^©»»**ar*c<t* 

2 A t*S*iSltW LTfi-HMSf-T > t-^VX^ 
^f©T\ S*;^©JI^ : &^*<-r^iI<»: i t35:l^ 
[0 0 19] ^©SSSs h7>^> 1 ©^-XICA7J 
^nfcfl-^tis h^V-^'X* 1 TJf«**U ^©=1U^ 
* ©tti734S 5 ^6S*;ftSS^[s]SS 2 ©i±J7D0'J^ai CTS 

[0 0 2 0] (HS6©?fJHl2) *^^©BJHJfiigi|eS© 

mrnvmm 2 ^coL^Ts ^n^^-rin 2 «#m lmk-t 

So HI 2 (a) ttC©*Jfi©m»2©3FBBia*s 0 2 
(b) 1*1212 (a) © I - I ^lc>L v 7fc»T®llI^^L, 
El 2 (c) ttgp#ffi*BrBBia*Sr. tittt ±IB* 

ft*JB3SMMHI*Mir ir^TOHHHcW LTjI^T 

^SUttiadSTt^t^ 0 2 (a) tC*J^T, 1 0 

lis «7Sy^«omfMHu 1 

<tt>7=V vy*n*SP». 1 2tt#>T-Of/<*K7 
i|ia|flE^>yy±©h7>->X^ 1 ©Jb7J4« (AV 
K) li/O^^LT^'V^-fy^Vt-y K124 

JBfiJillS. 1 5 liS*;fi© 1 /4;S5©^<^PX h 

y yeauBHs?* y . *<D—mz* •> 7a 1 
4 svx;i/-*-;i/ 1 6 ^ LTiSJSi»MitS«6*n, 

*6»C«SRtt?2 1 £Saa*ftTl"»S. Sfc. ?-f^P 
X h y y 7€2£«llg 1 5 ©fMSt*, <Jt - >^V >^/\°y K 

1 2 ©unfiles ^?nn^o 

[002 1] -7d"x f77-<>^*1 3if773> 
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assess 2 a rt©eaMt»»T*%^*Js< £ # 

[0 0 2 2] SISf*SSl OtCfc^T^V^'-r 

[0 0 2 3] 1 71***11*^ 1 8l4A73ijr?s 19IJ 
W»©«**ttieT***??**o Sfcs 2 1 li, 

Kh^v^x^tcmjg^^-ri)^^ 2 2«x;b-* 

<0/\°-y FT'SSo cro^aicLTSItlflsStSI Old*, 
r/T-fV^<'V KI 2, **lfr6#TJ : ££j£lg8&. ^? 

Ttmstm*-** * p x h u •> yjisssi lt/ \°* - vf&* 

[0 0 2 4] dcT)Klti*S«1 OKs ¥SH**y7»* 

y -?<di iy-fi k#v K>z?%fr Lzmmwrn^ 1 

Oco^tS-r^^Vx-f >y/\°-> Klc«»ELTt N S. 'CD 
7'Jy7*f* 7# VfW ^<D«!8<0Kffi £ H 2 ( b ) 
Sri^co^t*^->^ , JliacD}i£^lfT®l21 ; &!2l2 (c) IC 
Sf„ ddT\ 1 GH zm&<VM® : &?l*Bi&&i&(Dm 
Ztfmz.tf 1 mmloTtfi^-fVt- lOBflgt?) 

Kl4s h7>-77^ 1 <Dtli7D!ifl6©y<vyy\ 0 -y RCffltttr 

ftft/ry^s^-f^ px h y yesHissa)#tt£ y 

S?CBBtt0. 2mmJ-XTlc:-r^^ti >i S^o 
^y7t7)Jl&<&&:*Bfi®E]£5Vria2 (c) Kfc^Ts 

T*ftl**ffl±IHIM*iecS*l/ k <>:*;jlSft*. 

d cDsgm d I*, ix d »3 mmmcfc cwrm? zztftr* 

fy^VrV^I 4. f77^V^'^^1 33b^>x 

[0 0 2 5] dco^'J 7 7f7 •y^VxW^lcJ: 
IK 1/4 % ft Ofi&tftift 1 5 <h M^ttfiSInlSS 2 A » <K 
Vf-fV^\7 KI 2, rfcfo-S bvVv>X* 1 0tU73 



t s Kfia**ij»-r*iittt****wjwr*tttt«) 

[0 0 2 6] 

3«jftT?«ji-r*a£5"j*«iHitt*wt*c«ttc«fcu. s 

MttElS&fclRllStcllSir * C <ttf £ <htf T ?s ffiBST" L 
[0 0 2 7] *KH0ftJ93ft*MNMIt** *«JR? 

[HffiCDK*^iJiB^] 

[0 1 ] *9Sqg«>Xniftitmi®9IM^tt 1 

[H2] *5g0^c7)^g]»it'tiit§O*)5Sc75m^2CD«fi£^ 

[ei 3 ] *s£fyit7)iSjga^iiB»ic3!fi6©mag i c7)a£5ij« 

[04] (j£«(DJtt«»a>ffit»X?<DJ9»S[1$1£«fit^-r 

[H5] ^S5C0tSHS»^ltt^-r*l2]KllT«5o 
[El 6] «£3K«)lttlS»%SiWr«[ilBSiaT««. 

[0 7] tae«0!}iiH»0!>tt9>JM«aK®wtt«^rHT 



1 H3^)c75h : 7>v ; X^ 

2 g*;ftS£[s]lg 
2 A M^iJ^jSlHlK 

2 B *Offi<0**aB^[i]tta5» 

3 1/4*S©e3Stt88 

4 +W.->£ 

5 s 6 y-KjS 

1 o mmwmm 

1 2 ^v^-r ><?Ji>y K 

1 3 fyT'-Tvy** 

1 4 f yT'+t/N'i'^ 

15 1 /4;£ft<D^-f ^PX h 'J 
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16 2 2 ¥SW*^y^(c»lft«ttS«t 

1 7 £73^ &?%tclst><Dliv K 

1 8 3 0 g*;j£Sg^[elSg 

19 Hl73=&*Jffl|-r*fcA60*ffi* 31, 3 2 1/8%5&£lt8g 

3 3 1/2 0&54ra&MSg 

20 sf&a«m<DUiff«0u@r% 3 4 1/1 2Mes« 

3 5 *JMMHU1*3-' f 

2 1 tti7Dffit0h-7>i>'X^tcajB 40 A SIWSS^ 
2-«*£-r34il? 4 0 B *©ft&<DS*a»^[H]SS8B# 
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